Based on the Burgers model, by adding a damper unit, this paper proposes a new viscoelastic model with five units and eight parameters to characterize the viscoelastic deformation of fiber reinforced asphalt concrete (FRAC). According to the creep tests of FRAC beams, this paper studies both the parameters in the model and the viscoelastic behaviour of FRAC with different fiber volume fraction and aspect ratio. In this model, this paper establishes the viscoelastic constitutive equation of asphalt concrete, which takes into account the impacts of fiber content characteristic parameter. Both the experimental study and theoretical analysis show that the new model has a high correlation with the results of creep experiment and plays a key role in describing the whole creep process of FRAC. The fiber content characteristic parameter can comprehensively reflect the effects of the fiber volume fraction and aspect ratio on the viscoelastic behaviour of FRAC. Within the range of this test, the optimum fiber volume fraction, fiber aspect ratio and fiber content characteristic parameter are 0.35%, 324 and 1.13, respectively.
INTRODUCTION
t normal temperature around 15°C, asphalt concrete (AC) and fiber reinforced asphalt concrete (FRAC) are typical viscoelastic materials. The various viscoelastic mechanics models can be formed by combining the basic A viscoelastic mechanics elements such as spring and dampers [1] [2] [3] [4] . Generally, the model parameters can be obtained by uniaxial compression creep test, triaxial compression creep test and beam bending creep test [5] [6] [7] [8] [9] [10] [11] . Besides, the influence of stress level, temperature and fiber content on the model parameters and the viscoelastic behavior of AC can also be achieved by above mentioned tests. Over the years, many models have been developed to study the properties of AC and FRAC. For instance, the Burgers model [2] reveals that the permanent deformation of FRAC has a linear positive correlation with loading time and a linear negative correlation with viscosity, and that the viscosity increases with the extension of loading time. However, some of the modelling results differ from the deformation features of FRAC during creep, such as the negative correlation between permanent strain and loading time, the absence of constant velocity creep, and the accelerated creep process. In the four-element five-parameter model [2] , the viscosity increases with loading time, and the permanent strain increment exhibits an opposite trend; under the infinite loading time, the permanent strain increment gradually approximates zero; in this case, the deformation features are close to those of constant velocity creep rather than those of FRAC during accelerated creep. Reference [8] examines the effects of fiber volume ratio and length-diameter ratio on AC viscoelasticity, but fails to characterize the overall effects of the two ratios with one parameter. Thus, the understanding of the viscoelastic behavior of AC and FRAC is still very limited. In this paper, a new viscoelastic mechanics model with five units and eight parameters for FRAC was employed by analyzing the viscoelastic behavior of FRAC. The parameters of this model were obtained by beam bending creep tests with different fiber volume fraction and aspect ratio. The efficiency and validity of the present model were demonstrated by comparing the results of the model with those of Burgers model and modified Burgers model. At last, the effects of fiber volume fraction and fiber aspect fraction on the model parameters and the viscoelastic properties at loading and unloading creep stage of AC were studied by using the model.
VISCOELASTIC MECHANIC MODEL WITH FIVE UNITS AND EIGHT PARAMETERS
t is known that AC exhibits high time-dependent deformation process which called creep process and can be divided into two stages: loading creep and unloading creep. The curve of the whole creep process of FRAC beam bending in Fig. 1 shows that the creep deformation in loading is similar to that of AC and it also includes three stages [1, 3] : (1) The stage of deceleration creep during the beginning of loading (migration period). Polyester fiber reinforced asphalt concrete (PFRAC) beam produces instantaneous elastic deformation under creep loading in this period, and the span deflection increases with time, while the creep rate gradually decreases with time. ( 2) The stage of constant speed creep (stable creep period). Creep deformation continues to increase with time elapsing, while the incremental rate of creep deformation keeps constant approximately and the deformation-time curve is a straight line. (3) The stage of accelerating creep (undermine period). With the deformation gradually increasing, the slippage among the beam internal aggregates begins to take place and the cracks found in the bottom of test specimen begin to propagate gradually. It is noted that creep rate increases gradually and the deformation-time curve deviates from the straight line. An inflection point can be easily observed in the transition from the stable creep to accelerated creep in the deformationtime curve, and the corresponding loading time at the inflection point is named rheology time Ft of FRAC [11] . Obviously, Ft is the time that the creep rate reduced to the minimum and the start time that FRAC begin to enter the stage of the accelerated creep. The creep rate increases after the inflection point of time. During the stage of creep unloading, the elastic deformation immediately recovered and the viscoelastic deformation gradually restored with time. However, the plastic deformation cannot be restored and become permanent deformation. Both Burgers model and modified Burgers model are widely used to describe the viscoelastic deformation characteristics of AC in engineering. Burgers model is a combination of two springs and two dampers [2] , as shown in Fig. 2 
The creep rate is: 
where  0 is the loading stress; t is the loading time; E 1 and E 2 are the elastic modulus of elements 1 and 2, respectively;   and   are the viscosities of elements 3 and 4, respectively; and =E 2 / 2 . In Eqn. (1), the permanent deformation of FRAC is a linear function of time t and the reciprocal of viscosity 1/ 1 . With time elapsing, the viscosity increases while the permanent stress increment decreases. Both the stages of the stable creep and accelerated creep do not exist during the creep process. There is no inflection point in the creep deformation-time curve noticing from Eqn. (2) and (3) . Therefore, the model does not present the rheological time characteristics of viscoelastic material and does not match the creep deformation characteristics of FRAC. Based on Burgers model, a modified model with four-unit and five-parameter was proposed through a nonlinear modification on the viscosity of the external damper with the viscous flow deformation characteristics of material [2] , as shown in Fig. 3 . The viscosity of the external damper in this model is:
During the loading stage, equations of the creep, the creep rate and the creep acceleration can be expressed as: 
where  1 (t) is the viscosity of external viscous component of modified model; A and B are the viscosity parameters of viscous elastic element 4, as shown in Fig.3 . From Eqn. (4) and (5), it can be found that with the loading time increasing, the viscosity of element 4 increases and the permanent strain decreases. When the loading time tends to infinity, the strain increment tends to zero. The equations can be used to characterizes the consolidation effect of FRAC [4] , which is similar to the deformation characteristics of stable creep stage. However, Eqn. (4) and Eqn. (5) still cannot describe the deformation characteristics of the accelerated creep stage of FRAC. From Eqn. (6) and Eqn. (7), the demarcation point of stable creep and accelerated creep do not present in the curve of creep deformation and time of FRAC, so the model cannot be used to describe the rheological time characteristics of viscoelastic material. (12) where t 0 is the total loading time. In Eqn. (12), if (t)=0, then 
FRAC VISCOELASTIC ANALYSIS AND VALIDATION OF THE MODEL PARAMETERS
n the model with five units and eight parameters of FRAC, the resistance to elastic deformation is stronger as E1 gets larger. In the condition of same load and same time with increases, the permanent deformation decreases, and the resistance to viscous flow deformation tends to be stronger. When the relaxation time becomes larger, the increase of viscous flow deformation over time becomes slower, and then FRAC has a greater ability to resist rutting deformation. When the delay time becomes larger, the deformation development over time becomes slower, and then the resistance to viscoelastic deformation of FRAC becomes greater. When b is larger, a becomes smaller, while b becomes larger resulting in a larger rheological time, and then the resistance to viscous flow deformation of FRAC becomes stronger [12] . To verify the validity of the model expressed in Eqn. (9) and (10), the creep test of FRAC was carried out. A-70 asphalt and polyester fiber (PF) with various aspect ratios and volume fractions were used in this test. The length of polyester fiber is 3mm，9mm and 12mm respectively, the ratio of length to diameter is 162，486 and 649, and the ratio of fiber to mineral mass is 0.2%.The volume ratio of fiber is 0.35%; For polyester fiber with length of 6mm, the ratio of length to diameter is 324, and the fiber content is 0.1%，0.2%，0.3% and 0.4% respectively, and the corresponding fiber volume I ratio is 0.17%，.0.35%，0.52% and 0.69%, respectively. According to JTJ E20-2011 [13] , the optimum asphalt content (OAC) of matrix asphalt mixture, fiber aspect fraction and volume fraction of asphalt mixes were determined. Rolling molding the test specimen of 300mm300mm50mm, and then were cut into a 250mm30mm35mm beam specimen. 15C creep tests were performed by using a multifunctional material testing machine. The creep load is 10% of the beam bending failure load in the same condition, as shown in Fig. 5 . Span deflection for the creep test of small beams is collected by using a dial gauge connected to the data acquisition system. Then the span deflection-time curve and the flexural tensile strain-time curves were drawn. When the beam specimens enter into the stage of accelerated creep stage then unload, and the test data were continued collecting for 30min. Based on the results of the creep test and assumed initial values of the model parameters in Eqn. (9) and (10), the nonlinear method of Origin 8.5 is used to obtained a best fitting between the theoretical results of the mechanical model and those from tests. The fitting effect is controlled by adjusting the model parameters. If the results match well, the viscoelastic parameters of the mechanical model can be achieved. 
RHEOLOGICAL TIME
heological time from Eqn. (13) and the rheological time corresponding to the creep stability based on the measured creep deformation-time curves are listed in Tab. 1. It can be seen that the present model can calculate the rheological time efficiently and accurately, and the relative error is less than 10% between the values calculated by the present model and results from the tests. The rheological time is the start time of the destruction of AC under creep loads [1] , the larger the value is, the longer the time taken to deform the test piece is and the stronger the ability to resist deformation of AC is. The test results show that, when the fiber volume fraction is 0.35% and the aspect ratio is 324, the rheological time of FRAC is the largest and FRAC has the best resistance to deformation. The variation of creep strain-time curves is shown in Fig. 6 . It can be observed that when fiber volume fraction is 0.35% and the aspect ratio of fiber is 324, its curve is lower than others, and it means that FRAC has the best resistance to deformation at this moment. It is in accordance with the resistance to deformation from the present model based on the rheological time. Tab. 1 also shows the results of Burgers model and modified Burgers model. In comparison, the data from the present model is the closest to that of the stage of creep load among the three models, and the data of Burgers model has the largest deviation from the test data. The fitting curves of FRAC creep stain-time by using Origin8.5 software is shown in Fig. 7 . It can be seen that the fitting curve of the Burgers model during the stage of deceleration creep is below the test curve, and model characterization of FRAC creep deformation is less than the actual deformation. In the stage of stable creep model, the model curve is above the experimental curve, and the creep deformation of model characterization is greater than that of the actual deformation. In the stage of accelerating creep, the deformation of model characterization is less than the actual deformation of AC and model curve is below the experimental curve. It should be noticed that the difference between the test curve and the model curve will be more significant until specimen fracture. The fitting curve from the modified Burgers and that from Burgers are somewhat alike in relation to the test curve, while the difference is that the creep strain-time curve of modified Burgers model is closer to the test curve in the stages of decelerating creep and stable creep, and the modified Burgers model can better describe deceleration and constant velocity creep deformation characteristics of FRAC. The fitting curve of the new model almost coincides with the measured test curve. The present model greatly increases the fitting accuracy and can describe the viscoelastic deformation characteristics of the whole creep process of FRAC very well. 
LOAD PHASE
he model parameters of FRAC in Eqn. (9) 
UNLOADING PHASE
y using Eqn. (10) to simulate the test data, the model parameters of FRAC with different fiber volume fraction and aspect ratio are shown in Tab. 3. Obviously, it can be observed that E2, 1 , 2 , 0 , a, b, and c have the same pattern as that of the creep loading stage. When fiber volume fraction and aspect ratio increase. When fiber volume fraction is 0.35% and fiber aspect ratio is 324, E2, 1 , 2 , 0 , b, and c reach the maximum while a is the minimum. At the same time, FRAC has better deformation recovery performance. By comparing with the stage of the creep loading, the model parameters E2, 2 , and delay time 2 /E2 in the unloading phase are greatly reduced, 1 and 0 decrease a little, while a, b, and c increase a lot. The reason is that the stage of accelerating creep is the stage of creep damage of FRAC, and after deceleration and constant velocity creep processes, its internal slippage occurs between the aggregates which result in the damage of the creep beam structure and attenuation of material properties. The actual permanent deformation characterized by the model parameters in the stage of unloading stage is bigger than the theoretical permanent deformation characterized by the same parameters in the stage of the uploading and actual deformation recovery rate is smaller than the theoretical deformation recovery rate of loading phase by the same parameter characterization, but it is not suitable to use the model parameters in the stage of creep loading to study the characteristics of the actual deformation of FRAC after unloading. From Tab. 3, it should be noticed that the correlation between the test data of unloading phase and the Eqn. (10) 
FRAC VISCOELASTIC CONSTITUTIVE RELATION
he above analysis shows that fiber volume fraction and aspect ratio are important factors, which affect the viscoelastic properties of the AC and the influence of fiber volume fraction and aspect ratio on the model parameters is consistent. Therefore, fiber content characteristic parameter f ( f =Vf  Ra) can be used to represent the combined effects of the fiber volume fraction and fiber aspect ratio. By nonlinear fitting of the experimental data in this paper, the relationship between model parameters of Eqn. (9) and the fiber content characteristic parameters are as follow: . It can be seen that the creep strain increases with the increase of loading stress and prolonged the load time, while it firstly decreases and then increases with the increase of the fiber content characteristic parameter. It should be noted that when fiber content characteristic parameter is 1.13, the creep strain with different loading stress and the loading time achieved the minimum, at this time the FRAC exhibits good deformation resistance.
The variation between the value of creep speed and the fiber content characteristic parameter in the stage of loading, derived from Eqn. (31), is shown in Fig. 9 . It can be seen that the creep speed increases with the increase of load stress, while the creep rate firstly decreases and then increases with the increase of fiber content characteristic parameter under the same loading conditions. It should be noted that when fiber content characteristic parameter is 1.13 under different creep load, the rate of creep deformation reaches minimum. It can also be noticed that, the creep rate gradually decreases firstly and then goes to a stable value. Finally, the creep rate increases with the increase of load time. It is worth to mentioning that the above phenomenon is consistent with the three-phase character of the creep curve in the stage of loading from test. The variations of the creep strain with the fiber content characteristics for 4 loads in unloading phase are plotted in Fig.  10 . It can be observed that within 30min after unloading, the greater the stress is, the greater both the damage of the FRAC at creep loading process and residual creep strain is. At the same time, the larger the loading stress is, the greater the elastic deformation is, and as a result, the inertia of the recovery elastic deformation after unloading causes that the recovery creep rate increases with the increase of stress. It should be mentioned that the residual strain of FRAC under the same creep loading stress decreases firstly and then increases with the increase of the fiber content characteristic parameter after unloading, while the creep recovery rate increases firstly and then decreases under the same condition. In addition, when the fiber content characteristic parameter is about 1.13, the residual creep strain of FRAC is at minimum and the creep deformation recovery rate reaches maximum, the FRAC shows better recovery performance of the viscoelastic deformation in this case. It can be concluded from Eqn. (32) that the viscoelastic deformation recovery rate decreases gradually at the beginning with the uninstall time elapsing, and then goes to a stable value, that is consistent with test results.
CONCLUSIONS
y adding viscous unit into Burgers model, the new model with five units and eight parameters can effectively present the deformation characteristics of FRAC during the whole creep process in the stage of loading. The rheological time of FRAC calculated from the model is consistent with that from test results, and the curves from the present model coincide well with the curve of tests. The creep tests of FRAC show that with the increase of fiber content and aspect ratio, FRAC beam the curve of bottom flexural tensile strain and time is firstly reduced and then elevated. When the fiber content is 0.35% and its aspect ratio is 324, corresponding curves of creep deformation and time are in the lowest position and FRAC has a larger resistance to deformation, which is consistent with the influence of the fiber content and aspect ratio on the viscoelastic properties of AC obtained from the present model. Fiber content characteristic parameter can comprehensively reflect the effect of fiber content and aspect ratio. The differential constitutive equation of FRAC performed through the present model by considering the influence of fiber content characteristic parameter can be characterized by Eqn. (31) and (32). Both the theoretical analysis and experimental studies show that: the creep strain, creep speed, the damage in FRAC, and the residual strain after unloading increase with the increasing of the loading stress and the loading time. It should be mentioned that under the same condition of load stress, the load creep strain, creep rate, and residual strain after unloading decreases firstly and then increases with the increase of fiber content characteristic parameter, while creep deformation recovery rate increases firstly and then decreases with the increase of fiber content characteristic parameter. When the fiber content characteristic parameter is 1.13, FRAC has better abilities of both anti-deform and creep deformation recovery. B T
